ABSTRACT. To investigate the viability of timed artificial insemination (TAI) protocols in grazing Japanese Black cattle with long open period, ovarian status and progesterone and estradiol-17β profiles of the animals during the protocol were monitored. In 1998, prostaglandin F 2α (PG) was administered to 36 animals seven days after GnRH injection. Three out of the 36 animals were inseminated after detection of estrus and did not receive further treatment. The second GnRH was injected to the remaining 33 animals 48 hr after the PG injection and TAI was performed 24 hr later. In 1999, PG was injected to 25 animals six days after GnRH, the second GnRH was injected to 22 animals 48 hr after PG, and TAI was performed 16 hr later (The other three animals were inseminated before the time of TAI). The percentage of the animals with at least one functional corpus luteum and one follicle equal to or greater than 10 mm in diameter at PG injection was similar between the groups in 1998 and 1999. Likewise, the hormonal profiles were similar between the two groups. Pregnancy rates (PR) after the TAI protocols and natural mating in 1998 and 1999 were 75.0% and 88.0%, respectively. T hese figures were comparable to the PR obtained by conventional estrus synchronization protocols using PG (in 1995; 69.4%) or CIDR (in 1996; 59.1%). In conclusion, the TAI protocol can be applicable into grazing Japanese Black cattle with long open period. KEY WORDS: beef cattle, hormonal profile, synchronization of ovulation, timed AI.
Japanese Black cattle have been developed with intensive handling. Although many production systems do not permit the extra feeding needed by these animals to produce a calf, cycle promptly and settle quickly, there has been a problem of long open period due to extra feeding, resulted from inappropriate management system in some farms.
We have organized a "Rehabilitation Farm" project since 1990 to improve the reproductive performance of Japanese Black cattle with long open period by rearing them on natural pasture. We have applied various estrus synchronization programs into the project in past years. Although these programs were effective for detecting estrus, conducting artificial insemination several times over several days was laborious. For this reason, an alternative protocol has been demanded to save labor cost.
Pursley et al. [10] reported a synchronization of ovulation protocol using gonadotropin-releasing hormone (GnRH) and prostaglandin F 2α (PG) was effective for improving pregnancy rate in dairy herds with the conception rate being comparable to that by a conventional estrus synchronization protocol. According to their protocol, the first GnRH is injected at random stage of the estrous cycle, and PG is administered seven days after the first GnRH, then the second GnRH is injected 2 days after the PG and the animals is inseminated 24 hr after the second GnRH. Recently, a number of studies on synchronization of ovulation and timed AI protocol in dairy and beef cattle have been reported [1, 3, 5, 7, [11] [12] [13] [14] 17] . Among them, Roy and Twagiramungu [13] used a GnRH-PG-GnRH program with 6 day rather than 7 day interval between the first GnRH and PG in beef cattle, and they found their protocol effective. Since they did not compare their protocol with the protocol by Pursley et al. [10] , the optimum protocol for beef cattle including Japanese Black breed remains uncertain. Thus, we applied two different timed AI programs into Japanese Black cattle with long open period, reared on natural pasture. The objective of this study was to investigate whether these timed AI protocols could be applicable into Japanese Black cattle with long open period by observing ovarian response to the treatment and by comparing pregnancy rate with that obtained by conventional management systems.
MATERIALS AND METHODS

Animals:
Animals were brought into a communal pasture in Iwate prefecture from different farms because of the problems related to reproductive performance (either failure of conception after three inseminations, or anestrus for more than 90 days of postpartum period). In 1998 (first year), 36 Japanese Black cattle (five heifers and 31 cows) originated from 32 farms were used in this study. Average (± SE) age, weight and the number of inseminations by the time of the introduction of the animals to the pasture (as of May 26) were 2.4 (± 0.4) years old, 466 (± 33) kg and 5.5 (± 0.4) times in the heifers, and 7.5 (± 0.5) years old, 527 (± 10) kg and 2.7 (± 0.4) times in the cows, respectively. Average parity and open period in the cows were 3.2 (± 0.4) and 418 (± 26) days, respectively. In 1999 (second year), 25 Japanese Black cattle (5 heifers and 20 cows) from 19 farms were used. Average (± SE) age, weight and the number of inseminations by the time of introduction of the animals to the pasture (as of May 13) were 2.7 (± 0.4) years old, 454 (± 35) kg and 4.6 (± 0.7) times in the heifers, and 7.1 (± 0.7) years old, 492 (± 21) kg and 3.1 (± 0.6) times in the cows, respectively. Average parity and open period in the cows were 3.3 (± 0.5) and 433 (± 42) days, respectively. The communal pasture was 15 ha in area and 400 m above sea level. Perennial ryegrass and timothy were planted on the pasture. All the animals were turned out to graze on this pasture under appropriate feeding conditions. Average ambient temperature in the region in May, June and July registered 14.4, 16.6 and 21.2°C in 1998 and 13.6, 18.6 and 22.6°C in 1999, respectively, according to the Shizukuishi Agricultural Weather Station.
Timed artificial insemination protocol: Doses and products used for the synchronization of ovulation were 100 µg GnRH analog, fertirelin (Takeda Chemical Industries, Ltd., Osaka) in 1998 or 10 µg buserelin (Mitaka Pharmaceutical Co., Ltd., Tokyo) in 1999, and 25 mg prostaglandin F 2α analog (PG), dinoprost (Pharmacia & Upjohn K. K., Tokyo). Treatment was started (day 0) 22 days (1998) or 34 days (1999) after introduction of the animals to the pasture. The protocol is shown in Fig. 1 . All animals received GnRH on day 0 and PG on day 7 (1998) or day 6 (1999). Then, GnRH was administered 48 hr after the PG injection. Timed artificial insemination (TAI) was conducted 24 hr (1998) or 16 hr (1999) after the second GnRH injection. Animals in which standing estrus was detected by 6 hr before the second GnRH injection were bred by AI, one day earlier than the scheduled time, and not treated with the second GnRH. The inseminated animals were then allowed to be with a bull on the same grazing land for possible mating from day 25 for 92 days (1998) or from day 27 for 95 days (1999). We conducted pregnancy diagnosis by ultrasonography (SSD-500, Aloka, Tokyo) 50 days after AI and checked the pregnant animals whether conceived by AI or natural mating. The animals that were not confirmed its pregnancy by ultrasonography were rectally palpated 50 days after the last possible natural mating.
Ultrasonography, blood sampling and hormone assay: The ovaries of the animals were examined by ultrasonography at the time of the injection of each hormonal drug and insemination. Blood samples were taken from the jugular vein at the time of the examination and plasma was separated by centrifugation. The plasma samples were kept at -30°C until hormone assay. Progesterone and estradiol-17β concentrations in plasma were determined by radioimmunoassay [6, 15] . The ovine antisera raised against progesterone, GDN#337, and against estradiol-17β, GDN#244, were provided by Dr. G. D. Niswender, Colorado State University, U.S.A.
Comparison of pregnancy rates with those obtained in the past: Pregnancy rates obtained by the timed AI protocols in 1998 and 1999 were compared with those in 1995 and 1996 when other estrus synchronization protocols were implemented. Estrus of the cattle with long open period was synchronized by injections of 25 mg PG (dinoprost) 14 days apart (in 1995) or by insertion of CIDR (intravaginal device containing 0.03 g of progesterone) for 8 days (in 1996). Animals were inseminated after detection of estrus following the second dose of PG (in 1995) or the removal of CIDR (in 1996) . Then, all the animals that showed no estrus were inseminated 24-28 hr after an injection of 100 µg GnRHanalog (buserelin acetate) that was administered 68-77 hr after the second PG or the removal of CIDR. All animals that did not become pregnant by artificial insemination (AI) were reared with a bull in pasture for natural mating. Conception rates by AI and by natural mating were 27.8% (10/ 36) and 57.7% (15/26) in 1995, and 13.6% (3/22) and 52.6% (10/19) in 1996, respectively. Thus, pregnancy rates of 69.4% (25/36) and 59.1% (13/22) were recorded in 1995 and 1996, respectively, at the end of grazing period (late October) by estrus synchronization programs and natural mating.
Statistical analyses: The data obtained in this study were analyzed by Chi's square test for the comparison of proportions, and Student's t-test or Welch's test for the comparison of average values between the two groups.
RESULTS
Effect of the ovarian status on conception:
Conception rate in the animals that had a functional CL at the time of PG injection was significantly higher (P<0.05) than those that had no functional CL (Table 1) when the data in 1998 were combined with those in 1999. Three animals in each year were inseminated before the scheduled time because their estrus was detected before the time of the second GnRH injection. Thus, the number of animals bred by TAI was 33 and 22 in 1998 and 1999, respectively. In 1998, five of the 33 animals (15.2%) assigned to TAI had already ovulated by the time of the timed AI (Table 2) . While in 1999, one of the 22 animals (4.5%) assigned to TAI was detected to have ovulated before the time of the timed AI. None of these six animals conceived by TAI. All of the animals in 1999 (n=21, excluding one animal that had already ovulated) bred by TAI ovulated by 24 hr after TAI.
Effect of the interval between the first GnRH and PG on the ovarian status at PG injection: The proportion of the animals that had both functional CL(s) and large follicle(s) (10 mm or greater in diameter) at the time of PG injection in 1998 was similar to that in 1999 (Table 3) .
Relationship between the hormonal profiles during timed AI protocol and conception: Circulating progesterone and estradiol-17β profiles during timed AI protocol in the animals that became pregnant by TAI and those that did not became pregnant are shown in Figs. 2 and 3 . In both years, progesterone profiles during the protocol were similar between the two groups. Circulating estradiol-17β level was highest at the time of the second GnRH injection in the course of the protocol in the two groups in 1998 and 1999. Circulating estradiol-17β level at the second GnRH in the animals conceiving after TAI was not significantly different from that in the animals not conceiving in both 1998 (5.3 ± 2.8 pg/ml vs. 3.7 ± 2.5 pg/ml) and 1999 (7.4 ± 3.6 pg/ml vs. 6.2 ± 3.4 pg/ml).
Effect of the protocol of synchronization of ovulation on conception rate: Nine (27.3%) of the 33 animals in 1998, and 12 of the 22 (54.5%) animals in 1999 conceived after TAI, respectively. Conception rate in the animals bred by TAI in 1999 was significantly higher (P<0.05) than that in 1998. Conception rate in the animals bred by natural mating with a bull in 1998 (18/27, 66.7%) was similar (P>0.05) to that in 1999 (9/12, 75.0%).
Comparison of pregnancy rates with those obtained in past:
Conception rates by AI (TAI and AI after detection of estrus) and by natural mating, and overall pregnancy rates in timed AI protocols (in 1998 and 1999) were compared with those in conventional estrus synchronization protocols (in 1995 and 1996) ( Table 4) . The values in timed AI protocols were not lower than those in conventional protocols. Fig. 2 . Plasma progesterone profile (mean ± SE) during timed artificial insemination (AI) protocol in the cows conceiving and cows not conceiving after timed AI. Fig. 3 . Plasma estradiol-17β profile (mean ± SE) during timed artificial insemination (AI) protocol in the cows conceiving and cows not conceiving after timed AI. 
DISCUSSION
Extension of the calving interval is one of the most common problems causing economic loss in Japanese Black cattle. The animals used in this study had been reared in small barn and paddock in family-run farms, and they had not been pregnant for long time due to the obesity resulted from excessive nutrition and insufficient exercise, and due to the failure of the detection of estrus. Therefore, we attempted to improve reproductive performance of such animals by collecting the animals from different farms into a communal pasture to let them graze freely on the pasture during the summer and obtained a satisfactory pregnant rate by applying TAI protocol into these animals.
In the present study, conception rate in the animals that had at least one functional CL at the time of PG injection was significantly higher than that in the animals that had no functional CL. This seems logical because injection of PG to an animal without functional CL would have no effect on estrus synchronization and therefore the timed AI may be conducted at an inappropriate time. Some animals, however, would have a regressing CL (plasma progesterone level < 1 ng/ml) at the time of PG injection and would be in estrus at the second GnRH injection, and therefore could conceive after TAI. Another reason why some animals did not have a functional CL was that animals with no follicle greater than 10 mm in diameter at the first GnRH did not respond to the injection and therefore no CL was observed at PG injection.
In 1998, 15% of the animals had already ovulated by the time of TAI. Whereas in 1999, the percentage of the animals already ovulated before TAI was 5%. One of the reasons for this difference may be attributable to shortening the interval between the second GnRH and TAI, i.e. from 24 to 16 hr. It has been reported that endogenous LH responding to exogenous GnRH reaches to the peak level approximately two hr after GnRH injection, and that ovulation occurs approximately 25 hr after the LH surge in normally cycling cows [2, 8] . Therefore, it can be assumed that ovulation is expected about 27 hr after exogenous GnRH injection, and this figure of 27 hr coincides to the time required to ovulation following the first mount by a herdmate [16] . Considering this and the time required for sperms to acquire the maximum capacity of fertilizing ova, which has been reported to be 8 to 12 hr [4] , the ideal timing of AI would be 15 to 19 hr after GnRH injection (i.e. 8 to 12 hr before ovulation). Our results are also supported by Pursley et al. [12] who reported that higher conception rate was obtained when TAI was performed 16 to 20 hr after the second GnRH as compared with 24 hr after the second GnRH.
The percentage of the animals with functional CL(s) and large follicle(s) at the time of PG injection was similar between the group in 1998 and that in 1999. With regard to the relationships between the hormonal profiles and the subsequent status (pregnancy or not), progesterone and estradiol-17β profiles during the TAI protocol were similar between the animals that were conceived and those not conceived after TAI in the both years. The same trend for progesterone is reported by other researchers [9] who used GnRH (day 0)-PG (day 7)-GnRH (day 9) protocol for synchronization of ovulation in dairy cows. These results suggest the viability of the alternative protocol of GnRH (day 0)-PG (day 6)-GnRH (day 8)-TAI (day 9) in Japanese Black cattle.
Conception rates (CR) by AI in the two timed AI protocols were comparable to those by conventional estrus synchronization protocols (25-52% vs 14-28%). Pregnancy rates at the end of grazing period, that is, after AI and possible natural mating in the two timed AI protocol years were not lower than those in the two conventional protocol years (75-88% vs 59-69%). This result is promising in terms of the potentiality of the timed AI protocol in the "Rehabilitation Farm" environment. First, a satisfactory pregnancy rate would be expected by this protocol saving labor cost for the detection of estrus. Second, some of the problems resulting in low CR such as inappropriate timing of AI could be resolved by this protocol. Unlike dairy cattle, a calf of Japanese Black cattle has a relatively sizable economic value in the market. Thus, even a marginal increase of pregnancy rate in a herd of Japanese Black cattle may bring substantial benefits into the farm's economy.
It is concluded that the timed AI protocol is applicable into grazing Japanese Black cattle with long open period, and that the interval of 6 days between the first GnRH and PG injections appears as effective as the interval of the 7 days.
